Background. Statin therapy significantly reduces cardiovascular events. Older patients, however, are less likely to be prescribed statins than younger patients due to concern over lack of indication, lower predictive value of cholesterol levels, and increased risk of adverse events. To determine the effect of statins on all-cause mortality and on major cardiovascular events, including stroke, we performed a meta-analysis of statin trials that included older adult participants.
T HE risk of coronary heart disease (CHD) increases progressively with greater total cholesterol levels (1), but the predictive value of cholesterol levels in older individuals is less robust than in younger individuals (2) . The possibility of a lower benefit, the lack of a perceived indication (3) , and concerns about the increased risk of adverse events (AE) (4) likely contribute to the observation that statins are prescribed less often in older patients (3, 5, 6) . Because cardiovascular event rates increase as people age beyond 65 years (7) , this attitude may translate into a suboptimal use of statins for population prevention strategies.
Older adults derive benefit from many other cardiovascular preventive and therapeutic interventions, including antihypertensive therapies (8) , coronary artery bypass grafting (9) , and percutaneous coronary intervention (10) . For statins, post hoc analyses of randomized controlled trials have demonstrated effective reductions of CHD mortality (11) (12) (13) , all-cause mortality (11, 13) , and composite cardiovascular events in elderly persons (11, 13) . Additionally, the PROspective Study of Pravastatin in the Elderly at Risk (PROSPER), a randomized controlled trial specifically designed to evaluate statin therapy in the elderly population showed that statin therapy reduced composite coronary events and CHD death but not all-cause mortality or stroke (14) . In a recent meta-analysis of randomized controlled trials, statin monotherapy was effective in reducing CHD death and major vascular events in participants 65 years and older (15) . This reduction was significant and similar in magnitude to the effect of statins in younger persons. However, all-cause mortality, stroke risk reduction, and AE rates were not specifically reported for the older individuals. Thus, the purpose of this metaanalysis was to provide a detailed assessment of the efficacy and safety of statins on clinical outcomes in older adults.
METHODS
We performed a PubMed search designed to identify randomized controlled trials of atorvastatin, simvastatin, pravastatin, rosuvastatin, fluvastatin, and lovastatin using a validated algorithm for identifying randomized controlled trials in PubMed (16) . The search period was from 1966 through 2005.
Prespecified inclusion criteria were: (i) double-blinded, randomized comparison of statin versus placebo; (ii) average age of study participants 60 years or presence of subgroup analyses limited to participants 60 years of age; (iii) duration of the randomized portion of the study at least 1 year, with at least 50% of the randomized participants completing 1 year of treatment; (iv) report of total mortality or clinical cardiovascular endpoints and/or AE outcomes; and (v) study population not composed of end-stage renal disease patients. We excluded studies of cerivastatin as this statin is no longer on the market.
Data Abstraction and Quality Assessment
Two investigators (CGPR and AR) independently reviewed the titles, abstracts, and text of retrieved articles to evaluate eligibility criteria and to extract study data. Disagreements were resolved by consensus. We attempted to contact corresponding authors for cardiovascular event outcomes that were not reported in the selected publications.
Study Outcomes
The cardiovascular outcomes analyzed were all-cause mortality, CHD mortality, fatal and nonfatal MI, and fatal and nonfatal stroke. As the stroke rate in persons 65 years and older was reported separately in the Heart Protection Study (HPS) (17) , these values were used rather than the stroke rate for the entire HPS study population. The AngloScandinavian Cardiac Outcomes Trial-Lipid Lowering Arm (ASCOT-LLA) reported fatal and nonfatal MI rate in persons . 60 years old, thus these values were used in our analysis, whereas other outcomes from this trial were from all individuals (18) . Event rates were evaluated for the five trials and trial subanalyses that included only persons 65 years old and older and that reported cardiovascular outcomes (11) (12) (13) (14) . The time of divergence of cumulative cardiovascular events of statin and placebo groups was collected. Specific AE included cancer incidence, incidence of creatine kinase (CK) . 10 times the upper limit of normal, incidence of hepatic transaminase levels . 3 times the upper limit of normal, and incidence of persons withdrawing from the trial due to an AE. Other AE were grouped by organ system.
Statistical Analyses
All analyses were performed by intention-to-treat. Relative risks (RRs) and 95% confidence intervals (CIs) comparing statin versus placebo were calculated for each study. Pooled RRs were computed using an inverse variance weighted random effects model. Between-study heterogeneity was quantified by the chi-square statistic. Statistical analyses were performed with Stata 9 (StataCorp LP, College Station, TX), and p values , .05 were considered significant. Figure 1 summarizes the trial selection process. Table 1 shows the characteristics of the 18 trials included in our analysis (11) (12) (13) (14) (17) (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) (31) Of the 51,351 participants in the 18 trials, 31,633 (62%) were aged 60 years or older (11) (12) (13) (14) (17) (18) (19) (22) (23) (24) (25) (26) 28, 31) . The age of 4111 participants (8%) could not be determined as this information was not reported (20, 21, 27, 29, 30) ; however, these trials were included because the mean age was 60 years or older. Of the 31,633 older participants, 11,859 (37%) were enrolled in trials that either specifically and exclusively enrolled persons 65 years old or older or reported subanalyses for persons 65 years old or older (11) (12) (13) (14) 19, 24) .
RESULTS
Most trials targeted populations at high risk for CHD events, requiring a history of confirmed coronary artery disease, the presence of Adult Treatment Panel (ATP) III CHD risk equivalents, or the presence of ATP III risk factors such as early family history of CHD, smoking, or hypertension. Only two studies (19, 26) excluded persons with CHD.
All-Cause Mortality
There were 4961 deaths of 49,210 participants in the 14 trials that reported all-cause mortality. The statin group showed a significant 15% reduction in all-cause mortality in older adult (RR ¼ 0.85, 95% CI, 0.78-0.93; p ¼ .001) ( Figure 2 ). There was no statistically significant heterogeneity between the 14 trials ( p for heterogeneity ¼ .14). Of the 10,433 participants 65 years old or older in four trials reporting all-cause mortality, 654 events occurred in the statin group, and 769 events occurred in the placebo group (RR ¼ 0.83, 95% CI, 0.70-0.99; p ¼ .04; p heterogeneity ¼ .09) (11, 12, 14, 22) .
Four trials reported time-to-event data for all-cause mortality (11, 12, 20, 31) . The two trials that specifically reported these data separately for participants 65 years old or older showed a separation of cumulative events at 1 year (11) and between 2 and 3 years (12) . The other two trials with a mean participant age of 60 years or older showed separations in events at 3 months (20) and at 1 year (31).
Cardiovascular Outcomes
A total of 2152 CHD deaths occurred in 36,729 individuals in the nine studies that reported CHD death. Nine hundred forty-three CHD deaths were in statin-treated participants, and 1209 were in placebo-treated participants. The reduction in CHD deaths due to statin therapy was 23% (RR ¼ 0.77, 95% CI, 0.71-0.85; p , .001) ( Figure 3) , with no statistically significant heterogeneity between trials (p for heterogeneity ¼ .40). Of the 11,622 participants 65 years old or older in four trials reporting CHD death in this age group, 335 deaths occurred in the statin group and 472 occurred in the placebo group (RR ¼ 0.71, 95% CI, 0.61-0.82; p , .01; p for heterogeneity ¼ .3) (11) (12) (13) (14) .
The findings were very similar for MI risk. There were 3962 fatal and nonfatal MI in the 44,541 participants 
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Notes: *Study specifically and exclusively enrolled elderly participants only. Time-to-event data for fatal and nonfatal MI were reported in four trials (12, 14, 18, 20) , and two additional trials reported these data for participants 65 years old and older (12, 32) . The Long-Term Intervention with Pravastatin in Ischaemic Disease (LIPID) trial elderly subgroup analysis (12) and the pooled analysis of Pravastatin Limitation of Atherosclerosis in the Coronary arteries (PLAC-I and PLAC-II) (32) showed separation in the cumulative fatal and nonfatal MI events at , 1 year in participants 65 years old and older. The PROSPER trial showed a separation in events at , 1 year (14) . The three trials with participants with a mean age of 60 years or older reported a separation in events of 1 year (18, 20, 29) .
All trials reporting fatal and nonfatal stroke outcomes enrolled persons with CHD or at high risk for CHD. There were a total of 1531 strokes reported in 37,265 participants in 11 trials. The rate of fatal and nonfatal stroke was reduced by 24% in statin-treated participants (RR ¼ 0.76, 95% CI, 0.65-0.90; p ¼ .001; p for heterogeneity ¼ .10) ( Figure 5 ). Of the 21,392 participants 65 years old and older for whom data on stroke are reported, 1237 suffered a stroke, 548 in the statin group and 689 in the placebo group (RR ¼ 0.81, 
Cancer
There were 3215 cases of cancer reported in nine publications including 47,152 participants. The RR of cancer in the statin-treated participants was 6% greater than in the placebo groups (RR ¼ 1.06, 95% CI, 0.95-1.18; p ¼ .28; p heterogeneity ¼ .11) (Figure 6 ). However, in the three trials reporting cancer rates in persons 65 years old and older, there were 636 cancers in 5150 statin-treated participants, and 553 cancers in 5189 placebo-treated participants (RR ¼ 1.16, 95% CI, 1.01-1.22; p ¼ .04; p for heterogeneity ¼ .25) (11, 12, 14) .
Adverse Events
Adverse event reporting in the trials varied greatly and therefore was deemed unsuitable for quantitative metaanalysis. Several trials in this article were included because they reported AE data even though they did not report cardiovascular event data (19, 21, 24) . Musculoskeletal symptoms and CK and hepatic transaminase abnormalities were the most commonly reported AE. There were no differences in the rates of transaminase elevations . 3 times the upper limit of normal or CK elevations . 10 times the upper limit of normal. The rate of study discontinuation due to an AE was the same in statin-and placebo-treated groups.
There were significantly more complaints of musculoskeletal and gastrointestinal symptoms in the statin-treated group than in the placebo-treated group (p , .01 for both) ( Table 2 ). The absolute difference in musculoskeletal AE between the two groups was 1.3%. It was not possible in this analysis to determine the number of discontinuations of study drug due to musculoskeletal complaints, as the data was not reported consistently in the trials. The high incidence of gastrointestinal symptoms (40%-49%) is due to one publication in which there were more gastrointestinal complaints than participants in each group as each complaint was counted as a separate event (21) . When evaluating only those events that were considered possible adverse drug reactions from the same publication, the incidence of gastrointestinal complaints was 20% in both the statin-and placebo-treated groups.
DISCUSSION
Our meta-analysis found that statin therapy is effective in reducing all-cause mortality and cardiovascular outcomes, including MI, CHD death, and stroke, in older adults. Individual trials and subgroup analyses examining older persons have shown variable ability of statins to reduce mortality as well as individual or composite cardiovascular events. PROSPER, which to date is the only published trial of statins that specifically targeted older participants, did not demonstrate a reduction in all-cause mortality or stroke (14) . The benefit of statins in older adults is clinically important not only for the reduction of fatal events, but also for the reduction of nonfatal events that contribute to morbidity and loss of independence.
Lack of perceived indication has been identified as an obstacle to statin treatment of older patients (3). Observational studies showing no correlation between cholesterol levels and CHD (33, 34) or all-cause mortality (35) in older individuals have challenged the utility of screening and treating high cholesterol in this group. However, other studies have shown increased risk of CHD in older persons with higher cholesterol levels (1, (36) (37) (38) (39) . Other observational studies linking low cholesterol with higher death rates in the elderly population have caused further skepticism of the safety of statin therapy (40); however, lower cholesterol levels may be explained at least in part by declining cholesterol levels due to comorbid illness (41) . Limited life expectancy of older adults and elderly patients may inhibit providers from prescribing statins to their patients (42) . However, the time-to-event data reported in our trials showed a consistent divergence in the placebo-and statin-treated groups in the rates of fatal and nonfatal MI at , 1 year in participants 65 years old and older as well as in participants with a mean age of 60 years or older. Time to all-cause mortality events was not as consistent; however, the longest time to separation of events between the treatment and placebo groups was , 3 years.
The PROSPER trial showed a significant increased incidence of cancer in the statin group (14) ; however, a metaanalysis of other statin trials by the PROSPER authors showed no increase in cancer risk. Two recently published meta-analyses of statin trials also showed no increased cancer risk in the statin-treated participants, including a subset of participants 70 years old and older (15, 43) . Although the cancer rates in the overall group are not significantly different between the statin-and placebo-treated groups, the rates in the group aged 65 years and older are significantly greater in the statin group. This estimate, however, was based only on three trials. Notably, the trials included in our analysis have a maximum average follow-up time of 5.4 years. Given that many individuals are treated with statins for decades, this duration of time may not be adequate to fully assess cancer risk. More uniform reporting of cancer outcomes and longer follow-up periods are needed to firmly establish the role of statins on cancer development, particularly in older adults (44) .
Geriatric care providers may be reluctant to use statins in older patients due to concerns of increased risk of AE (4, 40) . Our meta-analysis showed that rates of hepatic transaminase and CK elevations were not increased in the statin-treated older adults, a finding that may allay provider concerns about serious AE. However, the criteria for reporting transaminase and CK elevations in most trials were . 3 and . 10 times the upper limits of normal, respectively, thresholds that may be higher than generally applied in clinical practice. Musculoskeletal and gastrointestinal complaints were more common in statin-treated participants. Although it was not possible to assess the clinical severity of these symptoms in the current analysis, the rates of study drug discontinuation due to AE was no different between the statin-and placebo-treated groups. Our AE evaluation was limited by the diverse reporting formats of individual trials. We attempted to overcome this problem by considering AE according to organ system; however, fewer than half of the trials reported complaints that fit into organ system categories.
Data on primary prevention of cardiovascular events with statins in the elderly population is scarce. Most of the trials included in our analysis enrolled persons with known CHD or ATP III CHD risk equivalents, ensuring a high number of cardiovascular events. There were not enough trials to determine the benefit of statin therapy for primary prevention in older adults. Whereas the PROSPER trial showed no statistically significant difference between the primary and secondary prevention subgroups, the primary prevention subgroup considered alone was not significantly protected from cardiovascular events (14) . The AFCAPS/ TexCAPS trial enrolled persons with low high-density lipoprotein (HDL) as the only CHD risk factor, and excluded participants with established CHD (26) . Subclinical cardiovascular disease was a strong predictor of cardiovascular events in older participants of the Cardiovascular Health Study (45) .
An important limitation of our meta-analysis is the relatively small number of trials included in the analysis of each outcome. We attempted to contact the corresponding author of each of the 18 included trials for additional outcomes data. In some cases, additional data were provided; in other cases, our request was refused or we did not receive a reply.
The mean age cutoff of 60 years was chosen to include a maximum number of trials with predominantly older participants. While nearly two-thirds of participants were 60 years old or older, the inclusion of data from persons younger than 60 years may have affected our results by causing an over-or underestimation of the effect of statins if the younger participants benefit significantly more or less than older participants, respectively. However, subanalyses of older participants in several large trials showed equivalent risk reduction in older compared to younger participants, with greater absolute risk reduction in the older subgroups because of overall high event rates (11) (12) (13) . Thus, we feel it is unlikely that inclusion of some participants younger than 60 years greatly influenced our findings. In persons 65 years old and older our meta-analysis found statins to be effective in reducing all-cause mortality, CHD death, and fatal and nonfatal MI. Stroke rates in this age group were not significantly reduced on statin-therapy, but with data from more trials, it appears to have the potential to reach significance.
Older adults enrolled in clinical trials may not be representative of the general population of all older adults, potentially limiting the application of our findings to broader categories of older adult patients. Comorbid conditions and the burden of multiple other medications in older adult patients may be of concern to providers (46), but these data were not reported for study participants. Women made up just 27% of participants, and non-whites were poorly represented. Observational studies of very elderly persons ( 85 years old) with high cholesterol do not show an increased risk of CHD death (47) . As only 12% of participants included in our meta-analysis were older than 70 years, we were not able to confirm that the risk reduction afforded by statins persists into the 9 th decade of life. It was not possible to examine differences in event rates among women, non-whites, and very elderly persons as part of our analysis.
Older adults are at particularly high risk of cardiovascular mortality and morbidity. While clinicians should be aware that statins may increase clinical musculoskeletal and gastrointestinal symptoms in older adults, statins unquestionably reduce the risk of cardiovascular events in older adults and are indicated in older adult patients with mild to moderately elevated cholesterol levels. The inconsistent findings regarding statin therapy and cancer risk demand more prospective clinical trials in older adults.
